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Abstract To study the role of ecdysone and the ecdysone
inducible gene in the regulation of molting and development in
crustaceans, we have cloned a cDNA encoding an orphan nuclear
receptor family member from the eyestalk of the shrimp
Metapenaeus ensis. The size of the cDNA is 4.3 kb with the
longest open reading frame (ORF) encoding a protein of 545
amino acid residues. The deduced amino acid sequence of the
shrimp cDNA consists of regions that are characteristic of those
of the nuclear hormone receptors. It shows a high degree of
amino acid sequence identity in the DNA binding domain, ligand
binding domain and the FTZ box as compared to those of
invertebrates and vertebrates. Unlike the insects Drosophila
melanogaster and Bombyx mori, an AF2 transactivation domain
was present in the shrimp FTZ-F1. Northern blot analysis using
total RNA indicated that the FTZ-F1 mRNA could also be
detected in the mature ovary. Northern blot analysis and RT-
PCR analysis showed that the shrimp FTZ-F1 transcripts could
be detected in the ovary, newly hatched nauplius, testis, eyestalk
and epidermis of the adult shrimp. Although the cDNA clone was
isolated from the eyestalk library, the shrimp FTZ-F1 appeared
to express most abundantly in the mature oocytes. The presence
of abundant FTZ-F1 specific maternal message in the late
vitellogenic ovary and early nauplius indicates that it may be
important for the early embryonic and larval development of the
shrimp. Interestingly, shrimp FTZ-F1 can also be found in testis
of the male shrimp. The presence of FTZ-F1 in other tissues such
as epidermis suggests that it may also be involved in other
physiological processes such as molting.
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1. Introduction
FTZ-F1 is a member of the orphan nuclear receptor family
that interacts with the ftz transcription starting site and acti-
vates ftz transcription in Drosophila [1^3]. It plays a role in
the blastoderm and nervous system development [3] and is one
of the ecdysteroid inducible genes in molting and metamor-
phosis [4]. In addition to insects, several other FTZ-F1 family
genes have also been cloned in di¡erent vertebrates. In verte-
brates, the biosynthesis of steroid hormone is regulated by the
tissue-speci¢c expression of the cytochrome P450 steroid hy-
droxylases [5]. Analysis of the promoter of the steroid hydrox-
ylase gene revealed the presence of elements speci¢c for a
transcription regulator, FTZ-F1. SF1 (or Ad4BP), the verte-
brate homologue of the insect FTZ-F1, is a primary transcrip-
tion regulator of several hormone and steroidogenic enzyme
genes [6,7]. These genes are critical for normal physiological
function of the hypothalamic-pituitary-gonadal axis in repro-
duction and sexual di¡erentiation of gonads in vertebrates [8].
In crustaceans, molting is initiated by a decrease in the hemo-
lymph level of the molt-inhibiting hormone (MIH). MIH in-
hibits the production of steroid ecdysone by the Y-organ.
Therefore, the molting event is regulated by ecdysteroid and
ecdysteroid inducible nuclear receptors. Much information
has been accumulated on the molecular mechanism involving
molting and reproduction in insects. However, only a few
reports have described the cloning of steroid/nuclear receptor
in crustaceans. For example, information on cDNA for th
ecdysone receptor and retinoic X receptor has been reported
for the ¢ddler crab Uca pugilator [9]. In the lobster Homarus
americanus, the isolation of a potential ecdysone inducible
gene that is homologous to the insect MHR3 has been re-
ported [10]. We have also reported the cloning of a cDNA
encoding the ecdysone inducible gene E75 homologue in the
shrimp Metapenaeus ensis [11]. In summary, there is little in-
formation on the role of nuclear hormone receptor in the
control of growth and development in crustaceans. Whether
insect and crustacean share a similar mechanism in the control
of growth, molting and reproduction is unknown. In our pre-
vious cloning of the E75 cDNA by RT-PCR, several partial
cDNAs encoding the DNA binding domains of di¡erent ste-
roid hormone receptors were obtained [11]. One of the partial
cDNAs encoding a protein was highly homologous to the
nuclear receptor FTZ-F1 of Drosophila and other vertebrates.
To extend our study on the role of nuclear receptor in the
regulation of gonad maturation and molt cycle in crustaceans,
we report the cloning and characterization of a cDNA encod-
ing a shrimp FTZ-F1.
2. Materials and methods
2.1. Experimental animals
Shrimp (14^18 g) were purchased from a local sea-food market and
acclimated to laboratory conditions of 25‡C, salinity at 28^30x, in a
12 h light and 12 h dark photoperiod. Tissues (eyestalk, muscle, hepa-
topancreas and swimming leg) from animals of di¡erent molt stages
were dissected for total RNA extraction.
2.2. RNA isolation/RT-PCR
Total RNAs from eyestalk, hepatopancreas, ovary, testis, muscles,
epidermis, nerve cord and pleopod (swimming leg, containing cuticle,
epidermis and muscle) were isolated by guanidinium thiocyanate ex-
traction [12]. Poly(A) RNA was prepared by a Poly(A)Tract mRNA
isolation kit (Promega, USA) and used for cDNA library construction
as well as reverse transcriptase-polymerase chain reaction (RT-PCR).
Reverse transcription was performed in a ¢nal volume of 20 Wl and
1Utranscription bu¡er (50 mM Tris-HCl, 8 mM MgCl2, 30 mM KCl,
2 mM each of dNTP, 10 mM DTT), 10 pmol of oligo(dT)17 primer,
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and 1 unit of reverse transcriptase (Promega, USA). The reaction
mixture was incubated at 42‡C for 2 h and used as a template in
PCR. For RT-PCR, the ¢nal PCR mix (30 Wl/reaction) consisted of
10 mM Tris-HCl, pH 8.0, 1.5 mM MgCl2, 50 mM KCl, 10 pmol
primers M1 and M2 and 2.0 Wl reaction mix from the reverse tran-
scription as described above. The PCR conditions included 25 cycles
each of denaturation at 95‡C for 1 min, annealing at 55‡C for 1 min
and extension at 72‡C for 1 min. At the end of the last cycle, the PCR
mix was further incubated at 72‡C for 10 min for the completion of
DNA synthesis.
2.3. Northern blot hybridization and RT-PCR Southern blot
For Northern blot analysis, 10 Wg of total RNA from various
tissues was run on a 1.2% agarose gel. RNAs were then transferred
onto a nylon membrane (Boehringer, Germany). After pre-hybridiza-
tion of the membrane at 42‡C (0.5 M NaCl, 0.02 M PIPES, pH 6.5,
50% formamide, 1% SDS, and denatured salmon sperm DNA of 100
Wg/ml) for 1 h, the membrane was hybridized in fresh hybridization
bu¡er containing a probe spanning the ligand binding domain. For
RT-PCR, cDNAs from various tissues were ampli¢ed with speci¢c
primer derived from the cDNA of the shrimp MeFTZ-F1. PCR prod-
ucts were transferred onto a nylon membrane for Southern blot anal-
ysis. The probe used in PCR contained DNA sequence exclusively
derived from the internal sequence of the original PCR product. To
con¢rm the absence of genomic DNA in RT-PCR that would con-
taminate the PCR product, genomic DNA was also ampli¢ed using
the same pair of primers used in RT-PCR. Larger DNA fragments
were ampli¢ed from genomic DNA using primers from RT-PCR
(data not shown). This suggested that at least one intron was present
in those two regions.
Fig. 2. a: Amino acid sequence alignment of the shrimp FTZ-F1 (MeFTZ-F1), the £y (DmFTZ-F1), zebra¢sh (ZFF1A) and mouse (mSF-1).
Insertions (dashes) are added to allow for maximum degree of identity. The conserved regions are in gray boxes. A part of the N-terminal por-
tion of DmFTZ-F1 and mSF-1 is deleted. b: Alignment of the amino acid sequence from the partial DBD of the shrimp MeFTZ-F1 and the
brine shrimp AsFTZ-F1. Identical amino acids are shown by colons and similar amino acids are shown by dots.
Fig. 1. Nucleotide and deduced amino acid sequence of the shrimp MeFTZ-F1. The putative DNA binding domain and the ligand binding do-
main are shown in light and dark gray boxes respectively. The FTZ-F1 box (italicized and bold) and the AF2 core (bold) characteristics of the
FTZ-F1 are also indicated. Numbers on the right indicate amino acid positions. The putative poly-A signal sites (AATAAA) are in bold letters
and the locations of the primers used in RT-PCR are underlined.
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2.4. Library screening
An eyestalk library was screened with the shrimp speci¢c FTZ-F1
cDNA probe (approx. 140 bp). The probe was synthesized by a ran-
dom primer labeling kit using [K32P]dCTP as a tracer. Hybridization
of replica ¢lters was performed at 65‡C in hybridization bu¡er (0.5 M
sodium phosphate, 1% SDS, 2 mM EDTA, 1UDenhardt’s solution
and 100 Wg/ml denatured salmon sperm DNA) without formamide
overnight. Filters were washed at a ¢nal concentration of 0.5USSPE
(20USSPE: 3.6 M NaCl, 0.2 M Na2HPO4W7H2O and 20 mM EDTA,
pH 8.0), 0.1% SDS at 65‡C twice for 30 min each time. After the third
screening, potential positive phage plaques were puri¢ed and the re-
combinant pBK-CMV phagemids were rescued from the bacterio-
phage clones by in vivo excision according to the instructions of the
manufacturer (Stratagene, USA). Potential positive cDNA clones
were used for DNA sequence determination. DNA sequencing was
performed using T7 DNA polymerase and the dideoxynucleotide
chain termination method [13].
2.5. DNA sequence analysis
DNA PCR sequencing was performed by a reaction kit purchased
from Epicenter (USA) based on primer extension. Sequence transla-
tions and analysis were performed using DNAsis software package
(International Biotechnologies, USA). Sequences in GenBank were
searched using the BLAST sequence similarity algorithm available
at the National Center for Biotechnology Information internet web-
site.
3. Results
3.1. Cloning of the shrimp FTZ-F1
We used a pair of degenerate primers (forward: DBD1,
CCGGAATTCACNTGYGARGGNTGYAAR; reverse:
DBD2, TCCTTGNGCATGCCCACTTCGADGCACTT) to
amplify cDNA obtained from the eyestalk of individual
shrimp. Several partial cDNAs encoding the DNA binding
domain of the nuclear receptors were isolated. The shrimp
speci¢c partial cDNA was used as a probe to screen the eye-
stalk cDNA library. The library was constructed from a
mixed population of shrimp eyestalks. About 200 000 phage
clones were screened with a radioactively labeled cDNA probe
and two potential clones with inserts of similar sizes were
isolated. After subcloning and DNA sequence determination,
they were identi¢ed as identical clones with slightly di¡erent
sizes in the 5P end. Sequence analysis revealed that the largest
size (4.78 kb) of these cDNA clones contained an open read-
ing frame (ORF) of 1635 bp encoding a predicted protein with
545 amino acid residues and molecular mass of 62 kDa (Fig.
1). The cDNA consisted of a short 5P uncoding region and a
long 3P untranslated region. Several putative polyadenylated
signals were also identi¢ed (Fig. 1).
3.2. Characterization of the shrimp FTZ-F1
Comparison of the translated cDNA sequence with those of
known nuclear receptors showed the highest similarity to the
fushi tarazu-factor 1 (FTZ-F1). By alignment of the shrimp
receptor sequence with those of the FTZ-F1 from insects and
vertebrates, a ¢ve-domain structure [14,15] that was character-
istic of all members of the steroid receptor superfamily could
be identi¢ed (Fig. 4). Domain A/B represented the variable N-
terminal end of the protein. Region C represented the DNA
binding domain. Region E was the ligand binding domain,
region D was the variable linker region joining the DBD
and LBD and there was a region F. The deduced amino
acid sequence of the cDNA revealed a high percentage of
overall amino acid identity with the FTZ-F1 nuclear receptor
superfamily members (Fig. 2a). Although no reports for other
full-length cDNA sequence in crustacean can be found, the
shrimp FTZ-F1 shows a high homology to the Artemia FTZ-
F1 (Fig. 2b). In addition to the conservation of these do-
mains, other regions with characteristics of the FTZ-F1 mem-
ber were also present in the shrimp FTZ-F1. For example,
both the FTZ-F1 box and the AF2 core were present in the
shrimp MeFTZ-F1 cDNA (Table 1). Evolutionary study us-
ing UPMG analysis software indicates that the shrimp FTZ-
Table 1
Comparison of the length and percentage identity of the amino acid sequences of the shrimp FTZ-F1 with other species
Region Amino acid (length) Identity (%)
Me Bm Dm Dr Xl Mm Hs Bm Dm Dr Xl Mm HS
A/B 32 88 509 40 45 12 12 25 6 9 12 9 9
C 66 66 66 66 66 66 66 92 98 89 88 86 86
D 183 158 233 181 166 160 159 30 31 14 13 13 15
F1 box 28 28 28 28 28 28 28 100 100 96 96 93 93
E 112 112 112 115 115 115 115 69 71 41 43 37 36
F 124 103 95 81 81 81 81 12 15 20 20 18 18
AF2 6 ^ ^ 6 6 6 6 ^ ^ 83 83 83 83
Overall 545 555 1043 516 501 462 461 45 45 34 34 32 32
The species shown here and the GenBank accession numbers are Metapenaeus ensis (Me; submitted); Bombyx mori (Bm; P49867); Drosophila
melanogaster (Dm; P33244); Danio rerio (Dr; AF014926), Xenopus laevis (Xl; A56543), Mus musculus (Mm; P33242), Homo sapiens (Hs;
Q13285).
Fig. 3. Phylogenetic relationship of the shrimp FTZ-F1 with other
members of the FTZ-F1 family. An UPGMA tree program was
used to construct the tree and used to study the evolutionary rela-
tionship of di¡erent FTZ-F1 in the DNA binding domain (DBD)
and the ligand binding domain (regions II and III combined).
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F1 is most similar to the insect FTZ-F1 (Fig. 3). Compared to
the vertebrate counterpart, the shrimp FTZ-F1 is most similar
to the DrZF1 of the zebra¢sh.
3.3. Expression of MeFTZ-F1
By Northern blot analysis using total RNA, MeFTZ-F1
mRNA transcript was detected in the late stage of vitellogenic
ovary (Fig. 4a). Other tissues such as the epidermis, eyestalks,
hepatopancreas and nerve cord show no expression of
MeFTZ-F1. To detect low levels of FTZ-F1 expression, RT-
PCR was performed. The primers and conditions for RT-PCR
were identical to the above description. With cDNA obtained
from 10 Wg of total RNA for RT-PCR, MeFTZ-F1 mRNA
could be detected from the immature ovary and early larvae.
However, the highest level of FTZ-F1 mRNA could be found
in the late or mature ovary. Furthermore, FTZ-F1 mRNA
could also be detected in the nauplius 24 and 48 h after hatch-
ing. Therefore, it appears that the shrimp FTZ-F1 may play a
role in oocyte maturation and subsequent early larval devel-
opment.
4. Discussion
A shrimp homologue for the FTZ-F1 has been cloned from
the eyestalk cDNA library of the shrimp. The shrimp eyestalk
consists of predominantly the optic nerve (including medulla
terminalis of the X-organ-sinus gland complex), epidermis and
muscles. However, further studies using techniques such as in
situ hybridization could distinguish the exact location of FTZ-
F1 expression. The shrimp FTZ-F1 shows the highest overall
amino acid identity with that of the insects Drosophila and
Bombyx (45%), followed by Deniro and Xenopus (34%), as
well as the mouse and human (32%). Although molecular
cloning of FTZ-F1 had also been reported in the brine
shrimp, Artemia salina, only a partial nucleotide sequence of
the DBD was reported [16]. Based on the published informa-
tion, the partial DBDs of shrimp and brine shrimp shared
only 72% amino acid identity. During the course of this study,
we isolated another cDNA from the pleopod cDNA library.
The DBD and LBD of this cDNA showed 92% and 70%
amino acid sequence identity respectively as compared to
the MeFTZ-F1 form (data not shown). Unlike the zebra¢sh
which consists of 2^3 isoforms of ZFF-F1 with identical ami-
no acid sequences in the DBD and LBD [17], the shrimp may
consist of at least two distinctive forms of FTZ-F1. Although
the phylogenetic analysis of the speci¢c domains (DBD and
LBD) of di¡erent FTZ-F1 indicates that the insect and crus-
tacean are closely related to one another, the FTZ-F1 of D.
melanogaster and the silkworm B. mori lack the AF2 core
which is important for transactivation (Fig. 3). On the other
hand, we speculate that both the FTZ-F1 of the shrimp and
fruit £y may bind to the same response elements as the LBD
and FTZ-F1 boxes of both groups are identical.
At present, the genes that are regulated by the shrimp FTZ-
F1 have not yet been identi¢ed. However, in our study of the
shrimp crustacean hyperglycemic hormone-like neuropeptide
gene (CHH-like gene) [18], we have identi¢ed several potential
binding sites for FTZ-F1 in the 5P £anking region of the
CHH-like neuropeptide gene (GenBank accession number
AF109776). Removal of these sites reduced the promoter ac-
tivity signi¢cantly (data unpublished). CHH-like neuropeptide
has been implicated to play a role in the gonad maturation of
the female lobster [19] and shrimp [18]. Since MeFTZ-F1 was
isolated from the eyestalk cDNA library and the level of
CHH-like expression is much higher in the reproductive fe-
males that undergo vitellogenesis, FTZ-F1 may play an im-
portant role in the regulation of CHH-like gene expression.
Further study is required to establish the link between FTZ-
F1 and CHH-like gene expression in shrimp. The presence of
MeFTZ-F1 in the ovary and early larvae may represent ma-
ternal message deposited in the egg for embryonic develop-
ment and early larval development. In Drosophila, FTZ-F1 is
deposited in the egg during oogenesis [20] and it is an obliga-
Fig. 4. (a) Tissue distribution of the shrimp FTZ-F1 by Northern
blot analysis. Lanes contain total RNA extracted from ovary of
early vitellogenic female (Oe), ovary from mid-vitellogenic stage
(Om), ovary from late vitellogenic stage (Ol), testis (T), nerve cord
(N), epidermis (Ep), eyestalks (Es), hepatopancreas (Hp) and nerve
cord (Nc). (b) RT-PCR Southern blot analysis of RT-PCR products
using an internal probe derived from F2/R3 PCR. Samples are:
lane 1, immature ovary (oocyte diamter 6 20 Wm); lane 2, early vi-
tellogenic ovary (oocyte diameter 6 75 Wm); lane 3, middle vitello-
genic (oocyte diameter s 150 Wm); lane 4, mature ovary (oocyte di-
ameter s 250 Wm); lane 5, pre-hatched nauplius; lane 6, 24 h
nauplius; lane 7, 48 h nauplius; lane 8, testis; lane 9, negative con-
trol; lane 10, positive control. The arrows in the schematic sketch
indicates primers located on the cDNA used in RT-PCR. Primers
F0 and R2 were used in RT-PCR and primers F2 and R3 were
used in PCR of FTZ-F1 cDNA to generate internal probe for
Southern blot analysis. (c) RT-PCR expression of shrimp actin gene
to demonstrate integrity of the RNAs and the relative amount of
RNA used in PCR. Ethidium bromide staining of the PCR prod-
ucts was shown. Lanes 1^8 are same as in (b), lane 9 is control
without template and lane 10 is the 1 kb DNA ladder.
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tory co-factor for ftz gene expression [3]. Similarly in the silk-
worm, B. mori, BmFTZ-F1 mRNA could be detected in most
of the tissues examined [21].
In summary, we have isolated and cloned a nuclear receptor
from the eyestalk of the shrimp. Based on the amino acid
sequence homology and the expression of the cDNA, it can
be considered a potential nuclear receptor belonging to the
FTZ-F1 subfamily. This study represents the ¢rst report on
the cloning of the full-length cDNA for the FTZ-F1 homo-
logue in crustacean. The high degree of amino acid identity in
the conserved domains and the similarity in the distribution of
mRNA in insects and shrimp suggest that the molting and
reproductive events in these two groups of arthropods may
be very similar.
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